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Negative Ion Matrix-Assisted Laser
Desorption/Ionization Time-of-Flight
Post-Source Decay Calibration
By Using Fibrinopeptide B
Jaran Jai-nhuknan and Carolyn J. Cassady
Department of Chemistry and Biochemistry, Miami University, Oxford, Ohio, USA
Fibrinopeptide B (Mr 1552.58) was employed as a calibration compound for matrix-assisted
laser desorption/ionization time-of-flight (MALDI-TOF) post-source decay (PSD) fragment
ion analysis in the negative mode. Experiments were performed by using both continuous and
delayed extraction, with the maximum reflectron voltages being 30 and 21 kV, respectively.
For comparison, a common positive ion PSD calibrant, ACTH(18–39) (Mr 2466.7), was also
employed with positive ion calibration constants being applied to negative ion spectra. Using
fibrinopeptide B as the calibrant, the negative ion PSD results for angiotensin II (Mr 1046.2),
renin substrate tetradecapeptide (horse) (Mr 1759.0), and the custom-synthesized peptide
(K2G4)2 (Mr 987.1) showed a factor of 1.5–2 improvement in absolute mass accuracy. Typical
absolute mass-to-charge ratio accuracies were within 61 Thomson and were achieved even
when the peptide being analyzed was more massive than fibrinopeptide B. In addition, both
calibrants showed increased accuracy when experiments were conducted in the delayed
extraction mode. Other advantages of using fibrinopeptide B are its moderate cost and the
ability to perform calibration and sample analysis for negative ion PSD under the same
instrumental conditions. (J Am Soc Mass Spectrom 1998, 9, 540–544) © 1998 American
Society for Mass Spectrometry
In recent years, matrix-assisted laser desorption/ionization (MALDI) time-of-flight (TOF) mass spec-trometry has become a practical tool for analyzing
biomolecules and polymers. The structural information
obtained from MALDI-TOF can be enhanced using the
post-source decay (PSD) technique [1, 2]. For peptides,
studies are usually performed on positive ions, but we
have recently shown that negative ion PSD can give
complementary sequence information [3].
When using typical single- and dual-stage reflec-
trons, a PSD spectrum is actually a composite of several
mass spectra obtained at various reflectron voltages.
Therefore, a PSD calibrant must have accurate assign-
ments of a large number of ions across a wide mass-to-
charge ratio range. Substance P [1] and ACTH(18–39)
[4] have been used as PSD calibrants in the positive
mode, but a negative ion PSD calibrant has not been
reported. In our earlier work, we applied calibration
constants from ACTH(18–39) cations to spectra ac-
quired in the negative mode [3]. The resulting mass-to-
charge ratio assignments for negative ion fragments
were in the range of 62 Thomson, whereas positive ion
PSD assignments are usually less than 61 Thomson.
One contributing factor may be that different power
supplies were used in the two modes. In addition, the
current and voltage settings were not identical, with the
voltage used in the negative mode being being consid-
erably lower in order to minimize electrical arcing.
Use of a calibration compound analyzed in the
negative mode may improve the accuracy and precision
of mass-to-charge ratio measurements in anion PSD. It
will also simplify experiments by allowing calibration
and sample analysis to be performed using the same
conditions. In this article, we discuss the use of fibrino-
peptide B as a negative ion PSD calibrant.
Experimental
All experiments were performed on a Reflex III
TOF-MS (Bruker Daltonics, Billerica, MA) equipped
with a two-stage gridless reflectron. The effective ion
flight path was 290 cm. The 355-nm line of a Nd:
yttrium-aluminum-garnet (YAG) laser (MiniLase-10,
New Wave Research, Sunnyvale, CA) was employed
for MALDI. The mass spectrum at each PSD voltage
was the sum of 40 laser shots.
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All compounds were commercially available as stock
items except (K2G4)2, which was synthesized by Quality
Controlled Biochemicals, Inc. (Hopkinton, MA). Peptide
solutions were prepared at a concentration of 200 mM in
acetonitrile/water (70/30 v/v) with 0.1% trifluoroacetic
acid. The matrix was saturated a-cyano-4-hydroxycin-
namic acid in the same solvent system. A 1:4 v/v ratio
of peptide solution to matrix solution was employed.
Initial experiments used a single-stage gridless ion
source in the continuous extraction (CE) mode with an
accelerating voltage (Uacc) of 28.5 kV. To obtain a positive
ion PSD spectrum, the reflectron voltage (Uref) was low-
ered from 30.0 to 1.10 kV in fourteen steps. While devel-
oping the new calibration compound, the spectrometer
was first mass calibrated for the PSD experiment using
ACTH(18–39) cations, with ion assignments based on a
report by Rouse et al. [4]. Negative ion PSD spectra for
fibrinopeptide B were acquired by lowering Uref from 30.0
to 4.0 kV in nine steps (see Table 1). The PSD calibration
software, as provided by Bruker, originally used a
linear function correlating flight times and mass-to-
charge ratios. A later upgrade employed a quadratic
function, without noticeably impacting our results.
In later experiments, the source was upgraded to
gridless pulsed ion extraction for delayed extraction
(DE) [5, 6]. Uacc was considerably lower than that used
in CE. This minimizes arcing in the source, which is
more problematic for DE and most common during
anion analysis. The extraction delay was ;350 ns,
whereas Uacc was 20.0 kV. To obtain a PSD spectrum,
Uref was lowered from 21.0 to 0.89 kV in thirteen steps
and from 21.0 to 2.80 kV in nine steps (see Table 2) in
the positive and negative modes, respectively.
Results and Discussion
Development of the Calibration Compound
In PSD, fragment ions originally appear at incorrect
mass-to-charge ratio values because they are produced
Table 1. Reflectron voltages and peak assignments for negative ion PSD calibration with fibrinopeptide B in the CE mode
Uref
(kV)
Apparent
m/za
Theoretical
m/zb
Measured
m/zc
Absolute
error
(m/z)d
Relative
error (%)e
Average m/z
(6SD)f Assignment
30.00 1552 1551.58 1550.54 21.04 0.07 1551.2 6 0.7 [M 2 H]2
1533 1533.58 1532.83 20.75 0.05 1533.5 6 0.6 [M 2 H 2 18]2
1392 1394.41 1395.14 0.73 0.05 1395.4 6 1.0 c13
2
1375 1378.38 1376.85 21.53 0.11 1376.4 6 0.8 b13
2
26.50 1286 1134.13 1135.33 1.20 0.11 1135.3 6 0.6 [y10 2 36]
2
1583 1394.41 1395.14 0.73 0.05 1395.4 6 1.0 c13
2
1560 1378.38 1376.85 21.53 0.11 1376.4 6 0.8 b13
2
1203 1055.10 1055.72 0.62 0.06 1055.5 6 1.3 y9
2
22.50 1402 1055.10 1055.72 0.62 0.06 1055.5 6 1.3 y9
2
1535 1152.18 1153.44 1.26 0.11 1153.1 6 0.7 [y10 2 18]
2
1257 940.99 942.41 1.42 0.15 941.8 6 0.7 y8
2
16.88 1405 793.86 794.49 0.63 0.08 794.4 6 0.8 [y7 2 18]
2
1218 682.76 682.65 20.11 0.02 683.0 6 0.3 y6
2
1566 884.84 885.50 0.66 0.07 884.3 6 1.2 c8
2
12.66 1429 607.70 608.37 0.67 0.11 608.2 6 0.2 [y5 2 18]
2
1468 625.71 624.84 20.87 0.14 624.7 6 0.6 y5
2
1534 651.70 652.26 0.56 0.09 651.8 6 0.9 [EEGFFSA 2 44]2
1214 512.50 512.68 0.18 0.04 513.8 6 1.1 c5
2
9.49 1492 478.53 478.47 20.06 0.01 477.6 6 0.7 y4
2
1246 397.41 396.87 20.54 0.14 396.9 6 0.6 c4
2
1317 419.46 420.83 1.37 0.33 420.9 6 0.4 [GFFS 2 18]2
7.12 1184 283.31 283.70 0.39 0.14 283.6 6 0.9 c3
2
1371 331.35 331.62 0.27 0.08 331.0 6 0.4 y3
2
1299 313.34 313.59 0.25 0.08 313.1 6 0.3 [y3 2 18]
2
5.34 1237 226.20 225.65 20.55 0.24 225.1 6 0.8 AR2
1326 242.28 243.34 1.06 0.44 242.7 6 1.0 NE2
1452 268.28 267.09 21.19 0.44 266.2 6 1.8 b3
2
4.00 1334 185.16 185.05 20.11 0.06 184.5 6 0.5 EG2
1214 167.14 166.94 20.20 0.12 166.8 6 0.1 [EG 2 18]2
1256 173.20 173.39 0.19 0.11 173.0 6 0.3 y1
2
Average 0.98g 0.19
aTypical raw mass-to-charge ratio (m/z) values before application of PSD calibration constants.
bTheoretical m/z, using average isotopic mass, unless otherwise specified.
cFor one typical data set, measured m/z after applying fibrinopeptide B calibration constants.
dFor one typical data set, absolute error 5 measured m/z 2 theoretical m/z.
eFor one typical data set, relative error 5 (absolute error/theoretical m/z) 3 100.
fFor four data sets, the average value of the measured m/z [6 standard deviation (SD)].
gAverage absolute error 5 ¥ uabsolute erroru/n, where n is the number of peaks.
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after the parent ions have been accelerated out of the
source. In addition, fragment ions take longer to reach
the detector as Uref is decreased from the maximum.
Calibration constants correlate the measured flight
times and the true mass-to-charge ratio values at each
setting of Uref. An ideal PSD calibrant has a high
molecular mass, produces at least three assignable and
evenly distributed fragment ions at each Uref, ionizes at
the same wavelength as the samples, and is commercially
available at a moderate price. We performed PSD exper-
iments on several candidates for calibrants. Oligonucleo-
tides, which are known to yield negative ions readily [7,
8], did not provide enough fragments at all voltages.
Several promising higher mass peptides also had an
insufficient number or poorly distributed fragment ions.
Fibrinopeptide B is a small peptide with a molecular
mass of 1552.58 Da and fourteen residues, three of
which are acidic:
pGlu-Gly-Val-Asn-Asp-Asn-Glu-Glu-Gly-
Phe-Phe-Ser-Ala-Arg-OH
It yields an excellent negative ion PSD spectrum and is
commercially available at a moderate cost (;$63/mg,
Sigma, St. Louis, MO). It is less expensive than
ACTH(18–39), which is the most common positive ion
PSD calibrant (;$145/mg, Sigma).
As shown in Fig. 1, negative ion PSD of fibrinopep-
tide B produces numerous C-terminal ions from the y
series. (The nomenclature used here for fragment an-
ions has been discussed previously [3].) At higher
masses, b and c ions are found, whereas the lower mass
range is dominated by internal cleavages at acidic
residues. The dissociation of fibrinopeptide B has not
been reported previously, but spectral interpretation
was aided by several studies that have appeared on
deprotonated peptide fragmentation [9, 10].
Calibration peaks were chosen based on shape, in-
tensity, and position in the mass window at each
voltage. Tables 1 and 2 summarize the calibrant ions
and voltages chosen for the CE and DE modes, respec-
tively. The observed mass-to-charge ratio values and
their associated errors are given for a typical data set,
Table 2. Reflectron voltages and peak assignments for negative ion PSD calibration with fibrinopeptide B in the DE mode
Uref
(kV)
Apparent
m/za
Theoretical
m/zb
Measured
m/zc
Absolute
error (m/z)d
Relative
error (%)e
Average m/z
(6SD)f Assignment
21.00 1534 1532.64g 1532.86 20.22 0.01 1532.8 6 0.6 [M 2 H 2 18]2
1551 1550.65g 1551.26 0.61 0.04 1551.2 6 0.6 [M 2 H]2
1394 1378.38 1377.88 20.50 0.04 1378.2 6 0.4 b13
2
19.55 1253 1134.13 1134.22 0.09 0.01 1134.0 6 0.3 [y10 2 36]
2
1484 1378.38 1377.88 20.50 0.04 1378.2 6 0.4 b13
2
1501 1394.41 1394.40 20.01 0.00 1394.9 6 0.6 c13
2
15.75 1417 1055.10 1054.84 20.26 0.02 1055.2 6 1.2 y9
2
1516 1134.13 1134.22 0.06 0.01 1134.0 6 0.3 [y10 2 36]
2
1263 922.99 922.47 20.52 0.06 922.6 6 0.4 [y8 2 18]
2
11.82 1451 811.88 811.46 20.42 0.05 811.7 6 0.3 y7
2
1422 793.86 793.62 20.24 0.03 793.7 6 0.1 [y7 2 18]
2
1248 682.76 682.75 20.01 0.00 682.8 6 0.0 y6
2
1571 884.84 883.32 21.52 0.17 883.2 6 1.4 c8
2
8.86 1456 607.70 608.47 0.77 0.13 608.8 6 0.5 [y5 2 18]
2
1492 625.71 624.80 20.91 0.15 624.8 6 0.2 y5
2
1556 651.70 652.03 0.33 0.05 652.4 6 0.9 [EEGFFSA 2 44]2
1250 512.50 512.47 20.03 0.01 512.5 6 0.1 c5
2
6.64 1527 478.53 478.32 20.21 0.04 478.7 6 0.8 y4
2
1287 397.41 396.54 20.87 0.22 396.7 6 0.5 c4
2
1355 419.46 420.72 1.26 0.30 420.9 6 0.7 [GFFS 2 18]2
4.98 1233 283.31 283.28 20.03 0.01 283.4 6 0.2 c3
2
1420 331.35 331.28 20.07 0.02 331.4 6 0.2 y3
2
1351 313.34 313.49 0.15 0.05 313.6 6 0.2 [y3 2 18]
2
3.74 1298 226.20 225.52 20.68 0.30 225.3 6 0.5 AR2
1227 212.17 212.72 0.55 0.26 212.7 6 0.2 VN2
1514 268.28 267.88 20.40 0.15 268.0 6 0.2 b3
2
1399 242.28 242.50 0.22 0.09 242.3 6 0.7 NE2
2.80 1394 185.16 185.25 0.09 0.05 184.8 6 0.5 EG2
1294 169.16 167.90 21.26 0.74 168.2 6 0.6 [EG 2 18]2
1339 173.20 173.17 20.03 0.02 174.4 6 0.9 y1
2
Average 0.41h 0.09
aTypical raw mass-to-charge ratio (m/z) values before application of PSD calibration constants.
bTheoretical m/z, using average isotopic mass, unless otherwise specified.
cFor one typical data set, measured m/z after applying fibrinopeptide B calibration constants.
dFor one typical data set, absolute error 5 measured m/z 2 theoretical m/z.
eFor one typical data set, relative error 5 (absolute error/theoretical m/z) 3 100.
fFor four data sets, the average value of the measured m/z (6 standard deviation).
gExact m/z of monoisotopic peak.
hAverage absolute error 5 ¥ uabsolute erroru/n, where n is the number of peaks.
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along with average mass-to-charge ratio values and
standard deviations from four data sets. Evaluation of
multiple data sets indicates that the errors are random
except below m/z 230 in the CE mode, where mea-
sured values are usually lower than theory. Although
higher voltages were used in CE, the mass windows are
similar because of the identical Uacc/Uref ratios. The one
exception is the second step, in which the DE voltage
was adjusted to obtain a better peak distribution across
the window. Calibration constants are obtained as a
function of the Uacc/Uref ratio; sample analysis should
use the same ratio. As noted in Table 2, with DE some
peaks in the molecular ion region are isotopically re-
solved and their monoisotopic m/z values were used;
these can be replaced by average isotopic m/z if mo-
noisotopic resolution is not achieved.
Evaluation of the Calibration Compound
Angiotensin II, (K2G4)2, and renin substrate tetrade-
capeptide (horse) were employed to test the accuracy of
the PSD calibration. Calibration using negative ions
from fibrinopeptide B was compared to calibration with
positive ions from ACTH(18–39).
Angiotensin II, Mr 1046.2, was chosen as a test
compound because it yielded abundant negative frag-
ments in our earlier work [3]. These include internal
ions from cleavage at aspartic acid and proline residues,
as well as a complete y series. As shown in Table 3 for
a typical angiotensin II data set in the CE mode, a
twofold improvement in mass-to-charge ratio accuracy
(absolute error of 0.51 versus 1.03) was achieved by
calibrating with fibrinopeptide B anions rather than
ACTH(18–39) cations. The data in Table 4 indicate that
accuracy improves when the DE mode is used, regard-
less of the calibrant. Still, with DE there is some
improvement in absolute error with fibrinopeptide B
[0.38 versus 0.58 for ACTH(18–39)]. For both DE and
CE, typical standard deviations for measured mass-to-
charge ratios from multiple data sets are on the order of
60.3 Thomson. In addition, tests on another small
peptide, (K2G4)2, Mr 987.1, yielded comparable preci-
sion and approximately a 1.5-fold improvement in
accuracy for both CE and DE (data not shown).
Renin substrate tetradecapeptide, Mr 1759.0, was
used to demonstrate that calibration constants obtained
with a lighter peptide (i.e., fibrinopeptide B, Mr 1552.6)
Figure 1. Negative ion PSD spectrum of fibrinopeptide B ob-
tained in the DE mode.
Table 3. Comparison of mass-to-charge ratio accuracies of angiotensin II by using two calibration compounds in the CE modea
Assignment
Theoretical
m/zb ACTH(18–39)c
Absolute
error (m/z)d
Relative
error (%)e
Fibrinopeptide
Bf
Absolute
error (m/z)d
Relative
error (%)e
R2 155.18 154.26 20.92 0.59 155.00 20.18 0.12
y1
2 164.18 163.26 20.92 0.56 164.16 20.02 0.01
HP2 232.25 231.28 20.97 0.42 232.57 0.32 0.14
y2
2 261.30 259.45 21.85 0.71 260.36 20.94 0.36
DRV2 368.40 367.14 21.26 0.34 367.58 20.82 0.22
y3
2 398.44 397.06 21.38 0.35 397.42 21.02 0.26
[y4 2 18]
2 493.60 495.60 2.00 0.41 495.10 1.50 0.30
y4
2 511.61 510.87 20.74 0.14 511.67 0.06 0.01
b4
2 532.58 530.74 21.84 0.35 531.85 20.73 0.14
y5
2 674.78 674.73 20.05 0.01 675.70 0.92 0.14
y6
2 773.92 772.48 21.44 0.19 774.44 0.52 0.07
c6
2 799.91 799.80 20.11 0.01 799.90 20.01 0.00
y7
2 930.10 931.92 1.82 0.20 930.25 0.15 0.02
[M 2 H 2 35]2 1010.19 1010.87 0.68 0.07 1010.27 0.08 0.01
[M 2 H 2 18]2 1027.19 1027.57 0.38 0.04 1026.91 20.28 0.03
[M 2 H]2 1045.20 1045.32 0.12 0.01 1044.61 20.59 0.06
Average 1.03g 0.27 0.51g 0.12
aApplying calibration constants obtained from different calibrants to the same typical data set.
bAverage mass-to-charge ratio (m/z).
cMeasured m/z using ACTH(18–39) positive ions as the calibrants.
dAbsolute error 5 measured m/z 2 theoretical m/z.
eRelative error 5 (absolute error/theoretical m/z) 3 100.
fMeasured m/z using fibrinopeptide B negative ions as the calibrants.
gAverage absolute error 5 ¥ uabsolute erroru/n, where n is the number of peaks.
543J Am Soc Mass Spectrom 1998, 9, 540–544 MALDI-TOF NEGATIVE PSD CALIBRATION
can be applied to spectra of larger peptides. The nega-
tive ion PSD spectrum of this peptide was also reported
previously [3]. The thirteen fragments used were gen-
erally y ions or internal ions. Approximately a 25%
improvement in absolute mass-to-charge ratio accuracy
was obtained with fibrinopeptide B. [For a typical data
set, the average absolute mass-to-charge ratio error was
0.98 with ACTH(18–39) and 0.74 with fibrinopeptide B.]
Moreover, in the higher mass-to-charge ratio range, the
accuracy for the fibrinopeptide B calibration procedure
is two- to threefold better. [For example, above m/z
1500, absolute mass-to-charge ratio errors with
ACTH(18–39) were on the order of 21.6 but dropped to
20.7 with fibrinopeptide B.] In general, the accuracy
and precision obtained with renin substrate is compa-
rable to that for the smaller peptides, indicating that
fibrinopeptide B calibration can be applied to a peptide
with a molecular mass larger than its own.
Implementation of the Calibration
Procedure
The conditions listed in Tables 1 and 2 can be easily
adjusted for other mass spectrometers with different
voltages. The Uref,max is 1.05 times greater than Uacc; in
order to use our peak lists for each window, this mirror
ratio should not be changed significantly. Lower volt-
ages can be calculated from the ratio between the
desired Uref,max and our Uref,max. For example, from the
data of Table 2, an experiment employing Uref,max of
20.0 kV will use Uacc of (20.0 kV/1.05) 5 19.05 kV and
a second step reflectron voltage of Uref,2 5 (20.0 kV/21.0
kV) 3 19.55 kV 5 18.62 kV. The apparent mass-to-
charge ratio values given in Tables 1 and 2 are the
positions of the fragment ions before application of PSD
calibration constants. These aid in matching peaks with
mass-to-charge ratio assignments; ions appear within
610 Thomson in various trials.
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b4
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y5
2 674.78 675.81 1.03 0.15 674.08 20.70 0.10
y6
2 773.92 773.28 20.64 0.08 774.53 0.61 0.08
c6
2 799.91 798.56 21.35 0.17 799.66 20.25 0.03
y7
2 930.10 929.51 20.59 0.06 930.35 0.25 0.03
[M 2 H 2 35]2 1009.51g 1008.77 20.75 0.07 1009.25 20.27 0.03
[M 2 H 2 18]2 1026.51g 1025.83 20.69 0.07 1026.35 20.17 0.02
[M 2 H]2 1044.52g 1043.83 20.70 0.07 1044.42 20.11 0.01
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aApplying calibration constants obtained from different calibrants to the same typical data set.
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cMeasured m/z using ACTH(18–39) positive ions as calibrants.
dAbsolute error 5 measured m/z 2 theoretical m/z.
eRelative error 5 (absolute error/theoretical m/z) 3 100.
fMeasured m/z using fibrinopeptide B negative ions as calibrants.
gExact m/z of the monoisotopic peak.
hAverage absolute error 5 ¥ uabsolute erroru/n, where n is the number of peaks.
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